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ABSTRACT 

This paper describes a newly developed low-temperature 
photo-patternable Gelatin technology that is useful to 
produce a thick (greater than 10 microns) Gelatin protecting 
and strengthening layer for weak MEMS micro- structures. 
Example demonstrated here is the Gelatin process 
integrated with the Parylene MEMS technology. What is 
reported here is the complete processing details and 
formulae that allow anyone to use Gelatin like photo-resist. 
We find that it is a chemical-resistant and 
mechanical-robust material for MEMS applications. 

INTRODUCTION 

In the recent development of MEMS technology, people 
look for new processing and new materials with the 
characteristics of low-temperature. Lower 
processing-temperature makes the fabrication more feasible 
and easier in the complicated integration of MEMS 
products. The processing temperature (of structural layers) 
below 100°C often means the good chance of using 
photo-resist as the sacrificial layer in the surface 
micromachining. This is why the Parylene MEMS 
technology attracted much attention in the recent years [1] 
[2]. 

For the conventional fabrication of Parylene 
surface-micromachined diaphragms or wide channels, 
however, we usually adopt the design of supporting dimples 
or supercritical drying method to prevent MEMS stiction or 
collapse. The former modifies and changes the geometry of 
microstructures from the original designs and hence may 
cause undesirable effects. The latter has its problem of 
delaminating the Parylene structural layers from the 
substrate due to the penetration of supercritical CO2 through 
Parylene films. Therefore, developing a new kind of 
strengthening layer with low processing temperature to 
prevent the stiction issue of Parylene technology is needed. 
In this paper, we find that the Gelatin films can solve the 
problem mentioned above. 

Gelatin has been used for over 6,000 years. It is made of 
proteins (18 kinds of amino acids) and is regarded as a pure 

food in the past. The most well known example is the 
“gummy bear” shown in Fig.1. 

The low melting point of Gelatin (<100°C), as indicated in 
Fig. 2, allows it to be formed into any shape by gentle 
heating/cooking [3]. 

Interestingly, Gelatin can be used as a binder in 
light-sensitive photolithographic products. Adding some 
dichromate into Gelatin makes it a photo-patternable 
material like negative photo-resist. That is, the portion of 
Gelatin exposing to the ultra-violet light becomes 
cross-linked and has a high selectivity to the warm water. In 
the following section, we demonstrate how to prepare the 
photo-sensitive Gelatin films by the popular spin-coating 
and photo-lithography. 

Fig. 1 Gummy bears [1] 

Fig. 2 Melting points of Gelatin [1] 
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volumetric change of Gelatin makes the precise control of 
dimension fairly difficult, and even cause delamination of 
Gelatin film from the holding substrate. 

Rinsing the cross-linked Gelatin in the ethanol alcohol 
could absorb the water molecules on the Gelatin surface 
quickly and is beneficial to the shape setting of Gelatin 
patterns. However, the sacrificial photo-resist under the 
Gelatin protective layer is vulnerable somewhat to ethanol. 
The rinsing time in the ethanol should be therefore 
controlled as short as possible. 

On the other hand, although the cross-linked Gelatin is inert 
to acetone, yet the water inside Gelatin will be extracted by 
acetone and cause abrupt cracks everywhere. Such cracks 
not only degrade the surface morphology, but also induce 
afterward delamination of Gelatin with the substrate and 
make the protection layer unavailable during stripping the 
sacrificial photo-resist. Instead of rinsing in the ethanol 
solution, we hence re-rinsed the Gelatin with DI water to 
the ultimate situation of water-rich in this work before the 
photo-resist stripping. 

Additionally, the poor adhesion between the Gelatin and 
Parylene films should be noted carefully. We enhanced the 
adhesion temporarily by means of roughening the Parylene 
surface using plasma etching. The recipe used for the 
fabrication of the sample shown in Fig. 12 is 100W CF4 /O2

plasma for 1min (SAMCO-RIE-10N.) The averaged 
roughness (RA) of the Parylene film before coating Gelatin 
is measured to be 90 nm by Alpha-Step 500 surface profiler. 

CONCLUSION 

An example of using Gelatin as the protective and 
strengthening layers for large-size Parylene microfluidic 
MEMS structures was demonstrated successfully in this 
paper. As far as we know, no other material/process can 
fulfill the same requirements, which makes Gelatin a useful 
material for MEMS fabrication. We believe Gelatin is 
useful for the MEMS community. Further research on this 
material will produce more interesting applications. 
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